Abstract. Some of the recent measurements in the neutral current sector b → sl + l − (l = e or µ) as well as in the charged current sector b → cτν show significant deviations from their Standard Model predictions. It has been shown that two different new physics solutions, in the form of vector and/or axial vector, can explain all the anomalies in b → sl + l − sector. We show that the muon longitudinal polarization asymmetry in B * s → µ + µ − decay is a good discriminant between the two solutions if it can be measured to a precision of ∼ 10%, provided the new physics Wilson coefficients are real. We also investigate the potential impact of b → cτν anomalies on B * s → τ + τ − decay. We consider a model where the new physics contributions to these two transitions are strongly correlated. We find that two orders of magnitude enhancement in the branching ratio of B
Introduction
The recent anomalies in the charged current (CC) transition b → cτν and in the flavor changing neutral current (FCNC) transitions b → sl + l − (l = e or µ) provide tantalizing hints of physics beyond Standard Model (SM). In the SM, the above CC transition occurs at tree level whereas the FCNC transitions occur only at loop level.
Some of the anomalies in b → sl + l − sector are: angular observables in
GeV 2 bin, the branching ratio of B s → φµ + µ − and the corresponding angular observables [4, 5] , the flavor ratio
. In Moriond'19, the Belle collaboration has published their first measurements of R K * in both B 0 and B + decays. These measurements are reported in multiple q 2 bins and have comparatively large uncertainties [8] . Further, LHCb collaboration updated the value of R K in Moriond'19 [9] . After Moriond'19, refs. [10, 11] performed a global fit to identify the Lorentz structure of new physics (NP) which can account for all anomalies in b → sµ + µ − sector. In 1D scenario, there are two distinct solutions, one with the operator of the form (sγ α P L b)(μγ α µ) and the other whose operator is a linear combination of (sγ
It is interesting to look for new observables in the b → sµ + µ − sector in order to (a) find additional evidence for the existence of NP and (b) to discriminate between the two NP solutions. The branching ratio of B * s → µ + µ − is one such observable which is yet to be measured. In the SM, this decay mode is not subject to helicity suppression [12] , unlike B s → µ + µ − . A model independent analysis of this decay was performed in ref. [13] to identify the NP operators which can lead to a large enhancement of its branching ratio. It was found that such an enhancement is not possible due to the constraints from the present b → sµ + µ − data. In this work, we consider the longitudinal polarization asymmetry of muon in B *
This asymmetry is theoretically clean because it has a very mild dependence on the decay constants unlike the branching ratio. We first calculate the SM prediction of A LP (µ) and then study its sensitivity to the NP solutions.
On the other hand, the discrepancies in the CC b → cτν transition are: the ratios [15] . Refs. [16, 17, 18] identified the allowed NP solutions which can explain all anomalies in the b → cτν sector and suggested methods to distinguish between various NP solutions. The NP WCs of these solutions are about 10% of the SM values. Since this transition occurs at tree level in the SM, it is very likely that the NP operators also occur at tree level. In ref. [19] , a model is constructed where the tree level FCNC terms due to NP are significant for b → s τ + τ − but are suppressed for b → sl + l − where l = e or l = µ. The branching ratios for the decay modes such as
and B s → φτ + τ − will have a large enhancement in this model [19] . In this work we study the effect of this NP on the branching ratio of B * s → τ + τ − and the τ polarization asymmetry A LP (τ ).
Longitudinal Polarization Asymmetry for B
In the SM the corresponding effective Hamiltonian is
where G F is the Fermi constant, V ts and V tb are the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements and P L,R = (1∓γ 5 )/2 are the projection operators. The effect of the operators O i , i = 1 − 6, 8 can be embedded in the redefined effective Wilson coefficients as 
where H V A is
Here C N P 9(10) are the NP Wilson coefficients. We define the longitudinal polarization asymmetry for the final state leptons in B * s → l + l − decay. The unit longitudinal polarization four-vector in the rest frame of the lepton (l
In the dilepton rest frame (which is also the rest frame of B * s meson), these unit polarization vectors become
where E l , − → p l and m l are the energy, momentum and mass of the lepton (l + or l − ) respectively. We can define two longitudinal polarization asymmetries, A
Within this NP framework, the branching ratio and A LP are obtained to be [21] B(B *
3 Results and Discussion 0.9940 ± 0.0038 Table 1 . Predictions of branching ratio and ALP (µ) for B * s → µ + µ − decay. The values of NP WCs are taken from [10] .
From this table it is obvious that the prediction of A LP (µ) for the first solution deviates from the SM at the level of 3σ whereas, for the second solution, it is the same as that of the SM. Hence any large deviation in this asymmetry can only be due to the first NP solution. We also provide the predictions for B(B * s → µ + µ − ) in table 1. It is clear that neither of the two solutions can be distinguished from each other or from the SM via the branching ratio. 05 1.1 1.15 1.2 1.25 1.3 1.35 1 00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1 
The ratio R X /R SM X is the weighted average of current experimental values of R D , R D * and R J/ψ . From the current world averages (after Moriond'19) of these quantities, we estimate this ratio to be 1.14 ± 0.05. This, in turn, leads to After Moriond'19, the current world average of R D ( * ) shows less tension with the SM which leads to smaller values of R X /R SM X . As long as this ratio is greater than 1.03, the branching ratio of B * s → τ + τ − is enhanced by an order of magnitude at least. When R X /R SM X ∼ 1.01, A LP (τ ) exhibits some very interesting behaviour. In this case, the tree level FCNC NP contribution is similar in magnitude to the SM contribution (which occurs only at loop level). Due to the interference between these two amplitudes, A LP (τ ) changes sign and becomes almost (−1). Hence a measurement of this asymmetry provides an effective tool for the discovery of tree level FCNC amplitudes of this model [19] when their magnitude becomes quite small.
Conclusions
In this work we consider the ability of the muon longitudinal polarization asymmetry in B * s → µ + µ − decay to distinguish between the two NP solutions, C N P 9 (µµ) < 0 and C N P 9 (µµ) = −C N P 10 (µµ) < 0, which can account for all the measurements in b → sl + l − sector. This observable is theoretically clean because it has only a very mild dependence on the decay constants. For the case of real NP WCs, we show that this asymmetry has the same value as the SM case for the second solution but is smaller by ∼ 10% for the first solution. Hence, a measurement of this asymmetry to ∼ 10% accuracy can distinguish between these two solutions.
Further, we study the impact of the anomalies in b → cτν transitions on the branching ratio of B * s → τ + τ − and A LP (τ ). In ref. [19] , a model was constructed where tree level NP leads to both b → sτ + τ − and b → cτν with moderately large NP couplings. Within this NP model, we find that the present data in R D ( * ) ,J/ψ sector imply about two orders of magnitude enhancement in the branching ratio of B * s → τ + τ − and a 5% suppression in A LP (τ ) compared to their SM predictions. We also show that A LP (τ ) undergoes drastic changes when the NP amplitude is similar in magnitude to the SM amplitude.
